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TTHIS BOOK INCLUDES STANDARD APPLICATION 
CIRCUITS AND. CIRCUITS DESIGNED! BY THE 
AUTHOR. EACH CIRGuIT | WAS ASSEMBLED | AND 
TESTED .BY THE AurHoR. AS THE |800k WAS 
Developed. | AFTER THE ook WAS CompLETED, 
THE | AUTHOR REASSEMBLED EACH CIRCUIT 1D 
CWECK FOR ERRORS. WHILE REASONABLE CARE 
WAS! EXERCISED ja) THE PREPARATION OF THIS 
BOOK, VARIATIONS | IN COMPONENT ‘TOLERANCES 
[AnsD| CONSTRUCTION METHODS MAY CAUSE THE 
RESULTS! YoU O8TAIN TO. DIFFER FROM THOSE 
GIVEN HERE. THEREFORE THE AUTHOR AND 
RADIO SHACK ASSUME NO RESPoNSiBiciTY FOR 
THE SuITABILITY OF |THIS B00k’S CONTENTS 


[FOR ANY. APPLICATION. SINCE WE HAVE NO__ 


CONTROL. OVER THE USE To WHICH THE 
IIMFORMATION IM THIS BOOK is PUT, WE 
[ASSUME No LIAGILITY FOR ANY DAMAGES 
RESULTING FROM iTS USE. OF CcoURSE. IT 
S| YOUR REsPONSIG/LITY To DETERMINE IF 
COMMERCIAL USE, SALE OR MANUFACTURE 
OF ANY DEVICE THAT INCORPORATES IN FOR- 
IMATION, Ini THIS BOOK INFRINGES ANY 
TENTS, COPYRIGHTS OR OTHER RIGHTS. 


DUE TO! THE MANY IWauiRIES REcEIVED gy 
RADIO. SHACK AND, THE AUTHOR, IT IS NOT 
Possigie TO PRoviDE PERSONA RESPONSES 
TR REQUESTS FOR. ADDITIONAL INFORM4TION 
(CusTOM. CIRCUIT DESIGN, TECHNICAL ADVICE, 
TROUBLESHOOTING ADVICE, ETC). IF You 
Wis 1D. LEARN MORE ABouT ELEC TRoNICS, 
SEE OTHER Book$ IN THIS SERIES AND 
RADIO. SHACKS "GETTING STARTED _ IN 
ELECTRONICS.’ ALSO, READ MASAZINES LIke 
MopeRN  ELEcTRowics 
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THE FIRST MAGNETS 7! 
AS FAR Back AS 800B.C.., 


TRE GREEKS 
WROTE ABOUT THE STRANGE PROPERTIES OF 
A.DARK. GRAY OR BLACK MINERAL THAT CAN, 


ATTRACT AND HOLD BITS. OF (RON. THIS | | 
MINERAL \S THE IRON OXIDE  (Fez904) Now, 
Kwown AS MAGNETITE. PIECES OF THIS |_| 
MINERAL ARE NATURAL MAGNETS, HERE 15. 
A SKETCH OF A PIECE of MAGNETITE ON 

MY DESK AS = WRITE} 


MAGNETITE. 


{Ron CLODE STONE), 
FILINGS + 
2x 
ACTUAL 
SIZE 


NATURAL MAGNETS ARE CALLED LODE STONES. 
THIS NAME SOMES FROM. "LEADING STONE, ! 
WHICH REFERS TO THE FACT THE SAME SIDE 
OF A LODESTONE SUSPENDED FROM A STRING 
ALWAYS POINTS NORTH. THIS DISCOVERY || 
LED TO THE INVEATION (OF THE COMPASS, 
THE FIRST WIDESPREAD APPLICATION , FoR. 
NATURAL MAGNETS. THE COMPASS GAVE | 
SAILORS AND EXPLORERS A. VITALLY 
IMPORTANT NAVIGATIONAL Toot. 


TRERE ARE AT LEAST Twos STORIES ABOUT. 
THE ORIGIN OF THE WORD "MACNET.", 


ACCORDING TD TRE ROMAN WRITER dugaetiusy | 


THE WORD COMES FROM MAGNESIA, THE | 
GREEK PROVINCE WHERE LODESTONES 
WERE Found. PLINY THE ELOER* wRoTE 


THAT THE NAME CAME FROM MAGNES, A GREEK | 


SHEPHERD. THE NAILS IN US SHOES AND: THE | 

IRON TIP OF HIS STAFF WERE ATTRACTED er 

FIELD oF MAGNETITE AS HE WALKED. 
*4e70.5S5 B.C. * A.D. 23 TO:79 4 
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MAGNETIC FIELDS | et 1 2 a 


} THE_ REGION AROUND A MAGNET THAT. INFLUENCE S 
EXTERVAL OBJECTS, \S ‘THE MAGNETIC FIECD 
[OR THE MAGNET. THE MAGNETIC FIELD ARownD 
JA MAGNET FORMS AN ORGANIZED) PATTERN. 
THs PATTERN CAN BE MADE ViSiEcE BY 
SPRINKLING IRON FILINGS ON A SHEET OF 
WHITE. PAPER. LYING ON A BAR. MAGNET. 
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MAGNETIC. FIELD LINES ARE MAPPED WITH A COMPASS. 


~MAGNETIC POLES 


LA MAGNET'S FORCE IS CONCENTRATED. AT POINTS 

(| KALLED POLES. 1F A BAR MAGNET 1S HUNG. 
| FROM A-STRING, ONE END WiLL EVENTUALLY 
POINT NORTH. THIS. END IS THE MAGNETS 
NORTH. POLE, THE END OF THE MAGNET THAT 

| POTS. SBUTH IS THE SOUTH POLE. 


TE opposite |POces GF Two MAGNETS ATTRACT 
ONE ANOTHER. LIKE POLES REPEL, 
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MAGNETIC FIELD “INTENSITY 


[OTHE INTENSITY OF A MAGNETIC FiecD, S| 
MEASURED IN. GAUSS, THE MAGNETIC) 

FIELD 1 CENTIMETER FROM A STRAIGHT 
LENGTA. OF WIRE THROUGH WHICH AL || 
CURRENT oF 5 AMPERES 1S. FLowING + tf 
IS 2 GAUSS. | THE) MAGNETIC |FIELD (OF | )) || 
\-VARIOUS MAGNETS, CAN BE, HUNDREDS. oR ae 
EVER THOUSANDS OF GAUSS. | 


MAGNETIC. || | 
| FIELD 


ELECTRICAL, 
CURRENT OF | 
5 AMPERES 


TRE TERM Gauss HoNoRS CARL FRIEDRIGA | | f 
GAUSS (1777 TOi8Ss), THE GREAT Toaehobel a 


IS THE EARTH A MAGNET? 0 


EARTH HAS A MAGNETIC FIELD, SUT ‘ecarTH | 
IS noT A MAGNET. THE EARTH'S” core! 15 ||| 
BELIEVED To B8& MOLTEN METAL THAT | 15 | + 
MUCH Too KOT TO BE MAGNETIC, THE 
MOST POPULAR THEORY |S THAT EARTH’S | 
MAGNETIC FIELD |IS CAUSED BY ELECTRICAL | | 
CURRENTS GENERATED By ROTATION OF THE 

Li@vip | CoRE.. 


EARTH'S MAGNETIC FIELD t 


THE FORCE OF EARTH'S NAGNETIC (FIELD | 
AS ABovT 0.3 GAUSS NEAR THE EQUATOR: 
AND ABOUT 0.7 GAUSS NEAR THE Poles.) |_| 
TROUGH VERY WEAK, THE FleLp Is EASY. |_| 
DETEcTeD BY A COMPASS. 
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PolnTS WHERE THE AXIS MEETS EARTH'S SURFACE 
ARE THE NORTH AND SouTH POLES. 


EARTH'S MAGNETIC POLES 


EARTH ALSO HAS MAGNETIC Poles, THE MAGWENC 
POLES Do NoT MATCH THE GEOGRAPHIC POLES, 
THE NORTAERNMOST MAGNETIC POLE iS NORTH 
OF CANADA’S HubSON BAY. THE SOUTHERNMOST 
MAGNETIC POLE IS IN ANTARCTICA SOUTH OF 
TASMANIA, 
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EARTH'S CHANGING FIELD 


THE FORCE oF EARTH'S MAGNETIC FIELD 
FUCTUATES ON A DAILY BASIS. THE CHANGE 
NEAR THE EQUATOR IS ABouT 0.0002 GAuss 
EACH DAY. AT THE PoLéS THE CHANGE. IS 
0.0005. GAUSS EACH. DAY. THE CHANGE JS 
SOMETIMES GREATER THAN THIS. WHEN THE 
SUN 1S VERY ACTIVE. 
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EARTH'S GEOGRAPHIC POLES | 


EARTH ROTATES AGouT AN IMAGINARY AXIS. THE 


ieee MAGNETS: ‘ae 


“TRE, BODIES OF MANN ANIMALS. 


INCLU DE...BITS_. 
OF MAGNETITE. RECENT DISCOVERIES HAVE 
SHOWN THAT MAGNETITE MAY ACT AS, A 
KIND. OF oMPASS THAT ASSISTS THE NAVI> 
GATION OF VARIOUS BIRDS, INSECTS, FISH AND. 
EVEN BACTERIA. 


MAGNETIC BACTERIA a 


IN 1995 RICHARD BLACKMORE NoTIGeéD THAT SOME 
BACTERIA FROM THE MUDDY BOTTOMS) OF MARSHES 
ALWAYS MIGRATE TO ONE SIDE OF A DROP oF 
WATER. WHEN KE PLACED, A MAGNET NEARBY, 
THE GACTERIA. SWAM TOWARD THE Sourml-SEEK> 
ING POLE Awd AWAY FROM. THE NORTH>SEE KING 
POLE. LATER iT WAS DISCOVERED THAT MAGNETIC 
BACTERIA ALIGN THEMSELVES WITH A MASHETIC 
FIELD EVEN WHEN THEY ARE DEAD. MORE THAW 
A DOZEN KINDS OF MAGNETIC BACTERIA HAVE 
BEEN DISCOVERED. MOST. LIVE IN, MUD OR SILT 
DNDER BopiES of WATER,AND SOME LIVE IN 
Soil. THEY ARE COLLE c TIVELY. KNOWN AS. 
MAGNETOTAXIC BACTERIA. THEY INciude A 
STRING OF MICROSCOPIC MAGNETS  SACLED | 


NAGNETOSOMES. i 
FLAGELLUM ! 
MAGNETOTAXIC. (PROPULSION. Device). 
BACTERIA J | 


MAGNETOSOMES | 
C MAGNETITE) 


MAGNETOTAXI@ BACTERIA IN THE NORTHERN HEM! 
SPHERE Swim NORTH, THOSE IN THE SOUTHERK 

HEMISPHERE SwiM SOUTH. THOSE NEAR THE __ 

EQUATOR SwiM IN EITHER OIRECTION. | | 


| t qe 


“MAGNET CONFIGURATIONS. ~~~ 


_ AMONG THE MANY. MAGNET CONFIGURATIONS | | 
ARE THESE: 1} 


"BAR 


APPLICATIONS FOR’ MAGNETS 
1, DIRECT CURRENT (bc) MOTORS i ti i" 


\2. ELECTRICAL GENERATORS al ime 
13, Aubio. SPEAKERS | 


4, Aupio EAR AND HEAD PHONES. 


5. SEPARATING IRON. AND STEEL ScRAP 
FROM NON-MAGNETIC MATERIALS. 


6, RETRIEVE. \IRON AWD STEEL Osrecr’ 
IN BODIES OF WATER 


7. RETRIEVE BROKEN ORL HEADS | FROM oi 
AND GAS WELLS } 


B, COLLECT FILING CHIPS FROM DRILLED HOLES 


Qu -TRAP BITS OF METAL. In SromacHs | OF 
Cows C* cow Magners") 123} 


10. ERASE DATA STORED ON MAGNETIC TAPE 
11. CAginer LATCHES | 
12. TEMPORARILY MOUNT ANTENNA ON CAR ROOF 
13 TEMPORARILY MOUNT SIGNS On CARS 


14. MOUNTING, SUPPORTING. AND HOLDING SIGNS, 
GADGETS AND OBJECTS IN) HOMES AND OFFICES 


15, COLLECTING NAILS LOST. In SOIL 
1G. PAPER CUP HOLDER 
11. SClesTIEI@ RESEARCH AND DEVELOPMENT 


18. T've USED A MAGNET JO FIND £ITS OF IRON 
Lo MeTHORITE WwSDe A Lance. METEOR CRATER 


t “TEMPORARY MAGNETS Th 


“Rugger— 


“SOFT. IRON. AND. STEEL CAN BE MAGMETIZED, 
Bur Do. Mot NECESSARILY STAY MAGWETIZED.. 
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MAGNETIZED 
TACKS 


TACKS 


PERMANENT MAGNETS 


HARDENED |RON, AND STEEL AND CERTAIN, METAL 
ALLOYS. |STAY MAGNETIZED INDEFINITELY. CERAMIC 
GNETS AND MAGNETIC RUBBER AND PLASTIC 
CONTAIN PARTICLES. OF MAGNENC MATERIAL. HERE 
ARE SOME COMMON PERMANENT MAGNET 
MATERIALS AND THE STRENGTH oF THEIR 

MAGNETIC FIECD + 


ALNICO (VARIOUS ALLOYS OF ALUMINUM, 
NICKEL And CoBALT) — ~ 5,800 To 18,100 GAUSS 


(CHROMIUM steel — 9,700. GAUSS 
RARE EARTH COSALT— S100 Gauss 
CERAMIC > 2,200 To 3,500 GALSS 
PLASTIC— 1,400 Gauss 

1,300 1 2,300. Gauss 


DATAs"AAMDBOOK OF CHEMISTRY AnD PHYSICS’ (CRC PRESS). 
va 


, USING AND CARING FOR M 


~ 3. AVOID DROPPING OR STRIKING A MAGNET. IT. 


IN ETS” | 


TLOTHE Agiity OF A MMeNET 70 Liet A| LOAD | ree 
REOuCED ey Soi, dusT., PAINT AND. yan ra | 
_THE MAGNET OR OAD, | 
1+ 
2. LIFTING ABILITY |S REDUCED WHEN THE ia 1 
IS -VERY. THIN (CANS, €TC.) OR HAS A ROUGH 
OR IRREGULAR SURFACE. | [chsh 


UMIGHT BREAK OR BECOME DEMAGNETIZED.. | 


4. FORCING THE SAME PoLes dF Two | MAGNETS 
TOGETHER Caw amine DEMAGNETIZE BOTH 
MAGNETS». 1: t 4 

5. ALWAYS SEPARATE TWO MAGWETS, BY PULLIAIG 
THEM AWAY FROM ONE ANOTHER, DO NOT |. 
SLIDE ONE MAGNET. AGAINST ANOTHER TO | 
SEPARATE THEM AS THIS MIGHT SHARPLY | 


DEMAGNETIZE ONE OR BOTH MAGNETS, | 


TRY TO, KEEP SEPARATED. MAGNETS sate | 
SLAMMING BACK TDGETHER . 


6. AVOID PLACING A MACuET. Weak ‘Alsteone 
MAGNETIC FIELD FROM A MoTOR | 


t + 


J. A “KEEPER” OF SOFT 
THE LIFE OF A MAGNET, 


EEE aae ae > KEEPER cree 


PAIR OF BAR MAGNETS HORSESHOE, MAGNET 


IRON | Wie, Eee 4 i 
+ 


8. Caution! Keer mAcwETs AWAY FROM MAGNENd | 
MEDIA (cCoMPuTER DISKS, CREDIT CARDS ,.RECORD> | 
ING TAPE, Erc.)! ALSO KEEP MACWETS AWAY 


FRom MECHANICAL WATCHES. 
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i MAPPING A MAGNETIC FIELD 


PUR.compass cAN| Be/0sé0 40 mari A mAGner’s | 


El THE (COMPASS 


THE SIMPLEST Compass (8 A MAGNETIZED. 


IRON NEEDLE OR POINTER FREE TO RoTM#E . _ | FIELD. THIS 1S OFTEN. MORE. PRACTICAL CTAB 4 
AGOLT A PivOT. THE NEEDLE Witt ALIGN. ise USING \RON FILINGS, ' 
ITSELE ALONG THE EARTH'S MAGNETIC FIELD. et 
SOME HISTORIANS BELIEVE THE FIRST COMPASS, NORTH (Cn) arieuetee | +t 
WAS A LODESTONE ATOP A SMALL PIECE OF. 1 
Weed FLOATING IN A BOWL OF WATER. J SouTH (S) | 
ILTRIED THIS. BY PLACING A CODESTONE ON A t 
SMALL SQUARE OF WOOD FLOATING ON it 
WATER |N A PLASTIC Box. BuT THIS “COMPASS” { 
WORKS ONLY WHEN THE WATER (S STILL. IT 1 
MIGHT WORK oN CAND, BUT IT Would Not 
COMPASSES ARE 6ELIEVED TO HAVE BEEN 


MAGNETIZED NEEDLES INSERTED CROSSWAYS a 
THROUGH A FLOATING REED OR SPLINTER. | 

THE NEEDLE | WAS MAGNETIZED BY STROKING { 

Ir AGAINST A LODE STONE, 7 .* 


woRK WELL IN A BOAT. THE FIRST PRACTICAL. } 


t 
a 
Li 
MAGNET ai 
1 
T 


MAGNETIZED 
FLOATING NEEDLE 
NEEDLE 

COMPASS wood 


TOOTHPICK 


= 
™ 


EL TRIED THIS AND IT _WoRKS. NoTICE How THE NORTH END! OF THE. 
Fikst I STROKED A STEEL. SEWING COMPASS. NEEDLE. POINTS TO. THE  SBUTH 
NEEDLE AGAINST A. LODE STONE. SINCE POLE OF THE MAGNET. t 
THE NEEDLE ATTRACTED IRON FILINGS, be + 
IT) WAS MAGneTi2ED, I usED PLIERS TO TIP! OPPosiTES ATTRACT, UNLIKES REPEC). 4—borf 
FORCE THE NEEDLE THRoUcH A wood TDOTHPICR. t 
CAUTION: USE CARE TD AVolD BREAKING THE A COMPASS. WILL RESPOND TO A MAGNET UP 
HEEDLE OR PRESSING IT INTO A FINGER! TO 30 CENTIMETERS Se 1 foot) Gey i 
WHEN! FLOATED ON WATER , THE NEEDLE AND % ttt 
| trooTHPICK ARRANGEMENT WiLL SLOWLY ROTATE N yt | 
UnTiL THE NEEDLE POINTS NORTH AND SOUTH on i | 
ree THE TooTHPick EAST AND WEST. MAGNET: a eal i = itt 


eat ELECTRO MAGNET. 


fut AN ELECTRICAL, CURRENT. FLOWING THROUGH. A. 
| LOOP OF WIRE CREATES A MAGNETIC FIELD, nea 
| WEAR, FIELD) OF! A SINGLE LOOP CAN. BE GReaTLy | 
INCREASED BY WINDING A COIL OF MANY LooPS, 


= |G ln Caout 2,25 ins) a} 
=| 


=< NORMALLY. isloséo, 4 donna al 
= MOVING. contAcT 4 = 
TNORMACLY | OPEN | coqrAdr| 


Ft bow im we 
‘e-- rest hottie cal ‘AL RELAY lsabal +f 
spre [IL -__I) FRAME. Switch AKTUATED. |_| 


a a 1 | [BY AN EvecrRot || 
CORE AVS eho s | pkewer J | rT 


(OPERATING. POINT 
Jeb | +4 + eral cat 
= ‘ComTACTS RELAYS CAN 8 ACTUATE! 
ene BY LOW-VOLTAGE TRANSISTOR 
AND. IC CIRCUITS. THEL a 
CONTACTS) CAN. CONTROL \__._ 
VOLTAGES. AND CURRENTS | 
A) i _ THAT _WOUILD_DESTROY 
RELAY DIAGRAM FRANS ISTHE S AND) Zc: 


pata t it 


Prksnie (Tale abainaeacy @ heroes Ge Feed) | | 
SODA 30. AWG COATED MAGNET WIRE. a 
STRAW CABouT 3. LaveRs when ncHTL ind). J 


INSERT Stee iisivé TAS coll And cdMnecT AL 
b-VOLT LAMTERN BATTERY. TD WIRE LEADS. use 
FLAHE oR. FINE GRIT SAND PAPER. To) RE Move 

INSULATION FROM ENDS OF WIRE, "*NAW ere. 


“SOLENOID a a i i 


THE. ELECTROMAGNET SHOWN 
ABove CAN ALSO FUNCTION AS | 
A SOLENOID oR "SUCKING 
MAGNET." PLACE Com IN A | 
VERTICAL Position. ALCOW \NAIL_ 
TD. WouCH SURFACE BELOW 

COIL. WHEN CORRENT IS kal 
APPLIED, JO. THE COIL, THE NAIL. 
WIG BE RAPIDLY PULLED up, | 
INTD THE coiL_ BY THE. coils. 
MAGNETIC FIELD. SOLENOIDS | 
RELEASE LATCHES, <cosé VALUES. 
Lock. DOORS, ETC. 


fe -RELANE DRIER eeuahaGe 


i 
THIS CikcuLT SHOWS HOW Al since TRANSISE 
CAN CONTROL, A RELAY. L144 


| THs, éincyrt ‘poets 
| [d THE RELAY at i 


Pilot rawe tt 


Se 
Es 


RESISTANCE OF PROTOTY PE 

Cow i$ 3.4 0. AT G VOLTS THE 
CuRREAT IS t /3.1 OR 1.9 Amps, 
USE SOLENoID. SPARINGLY TD | 
PRESERVE BATTERY CIFE. + 


Triatecia 


RET, Switch is A-REED Switcd THaT_ 
| HAS |-A_FLEXIBCE MEMBER THAT BENDS TOWARD oR. 
AWAY FROM. elo MERE WHEN A MAGUET | 


i 


switch CONTA ors 


+ 
} 
hie | a Nia 
| MAGNET SWITCHES ARE VERY [RELIABLE AND 1 | 


REQUIRE! NO POWER SUPRY. THEY ARE OFTEN. USEI 
| FO DETECT OPEN DOORS) AND WINDOWS IN|. 


SECURITY| ALARM. SYSTEMS. FOR THESE USES | 


| ATHE. SWITCH) 1S USUALLY INSTALLED in APLASTIC | 


‘ea Housiae luim EXTERNAL, WIRE GEADS OR SCREW! 


WNALS, THE ACTUATING | MAGNET | IS 
tASraLLeD In A SIMILAR. HOUSING. 


| WINDow 


Switch 
OFF 


es 'Simpue. SATE 


Tip. LET. 

Lepi= Red 

(ep 2= GREEN. 
THEN MAGNET 

| PRESEAT= GREEN 

AND MAGNET 

AGSENT= RED. 


MAGNET | 


(SWITCH ON) LED 2) WHEN | A meee ie 
NEAR Sw), LED 1 |1S_ Swi TCHED! ON. Ue 1 
me MAGNET 4S {ned | | 


| PLACE MAGNET NEAR Tahal re | 
| 1__AGTIVATE | TDNE._ OK) re 
| LAMP linsreap oF | eueeea 


ciReuit Wh 


red 


Switch ik | ine 
RESPOND To EITHER 
NORTH OR souTH.| | 
POLE. tt pine 


aoae 


pj et 


_ THE HALL EFFECT — i 


IN_OCTOBER 1879, THE PHYSICIST EDWARD WAL 
DISCOVERED THE EFFECT THAT. BEARS HIS NA\ 
HALL Found THAT A STRONG MAGNETIC FIELD 
CAUSEDA VOLTAGE TO APPEAR ACROSS. A 
THIN FILM OF GOLD THROUGH WHICH AN 
ELECTRICAL CURRENT WAS FLOWING. THIS, 
VOLTAGE |S CALLED THE HALL VOCTAGE,. 
IT 1S PROPORTIONAL TO THE MAGNETIC FIELD 
TIMES THE CURRENT. 


: 


MAGNETIC FIELD | 
_ HALL GENERATOR 


RL G1 


RESISTOR R41 LIMITS (RESTRICTS) THE CURRENT 

FROM BATTERY Bi TO A SAFE VAWE. Too | 
Much. CURRENT WiLL OVERHEAT AND DAMAGE 

THE, WALL GENERATOR. 


THE WALL EFFECT occurs IN CONDUCTORS 
AND SEM\ CONDUCTORS. THE HALL VOLTAGE 
PRObUCED BY CONDUCTORS IS _MucH TOO 
SMALL FOR. PRACTICAL APPLICATIONS. THE 
HALL VOLTAGE IS MucHK HIGHER IN 
SEMICONDUCTORS. GALLIUM ARSENIDE And 
OTHER. SEMICONDUCTORS PRODUCE THE MOST. 
MOLTAGE. But SILICON IS PREFERRED SINCE 
ae IS STURDIER Amd EASIER TO MANUFACTURE. 


o " 
t "APPLICATIONS FOR HINCL: SENSORS 


HALL SENSORS HAVE MANY APPLICATIONS | IN| 
ELECTRONICS AND SENSING. THEY CAN BE! |, 
USED INSTEAD OF LIGHT SENSORS. in APPLICATIONS, _| 
WHERE THE SENSOR MIGHT BECOME DIRTY OR |. 
EXPOSED TO BRIGHT LIGHT. HERE ARE Some 
OF TE MOST COMMON. APPLICATIONS + 


MAGNETIC FIELD SENSOR a 


OR ABSENCE OF coe 


SMALL MAGNETS. Wachee site a im 


ELECTROMAGNETIC FIELD SENSOR 
DETECT. MAGNETIC 


FIECD cAusED BY a oo | 


ELECTRICAL CURRENT. cour ahi! = in 
| 


HALL SENSORS. CAW 
DETECT PRESENCE 


HALL SENSORS CAn 


BOUNCELESS SWITCH 


— 
SWITCH MADE WITH HALL MAGNET. 
SENSOR OCES NoT HAVE ff 
MECHANICAL "Bounce " OF =~ 
CONVENTIONAL swiTCH, SENSOR” 


FERROUS METAL DETECTOR i 


HALL SENSOR BACKED | 


BY SMALL. MAGNET z e 
WILL DETECT FERROUS iv A. 
METAL. NAIL SENSOR = MAGNET. 


GEAR TOOTH SENSOR 
HALL SENSOR BACKED 
BY SMALL MAGNET 


With DETECT TEETH Boks: Las a 
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“HALL SENSOR BASICS ce Het 


MOST HALL SENSORS ARE MANUFACTURED 

WITH, A BUT-IN AMPLIFIER OR LOGI _ 
CIRGUIT TO MAKE THEM EASIER TO USE. IT's | t 
HELPFUL TO UNDERSTAND HOW THE SENSOR t it 
IS CONNECTED TO THESE INTERFACE CIRCUITS. st Vu se fis ba 


BASIC, HALL SENSOR 


MAGNETIC FIELD + SUPPLY VOLTAGE } 
{s PERPENDICULAR zt 
TO THIS PAGE. 


APPLIED MAGNETIC FI 
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Ni is TE MALL voLTAGE 1) 
Rus THE HALL EFFECT CoEFFICIENT, 
; Eis TWe coRRENT mRoved THE $eAsR, 
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~ HALL VOLTAGE. VOLTA, fatnrd eet —4-—} Se eee: 
ne ¢ + 1s TAE THICKNESS OF THE SENSOR, AnD 


MAgweric Suidant a [Bis mE PERPENDICULAR | MAGsieme FiECD. 
FIELD SENSOR ++ + pot pep ttt tt tp 
= IN PRACTICAL TERMS , THE WALL | VOLTAGE! 
| Ii AL TYPICAL. Sidicom HALL! sete Adal 

BASIC HALL SENSOR CIRCUIT 18 MIcROVELTS (0.009018 vouT) PER oe 
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_ WHEN THE SupPLy. is 3 Vogt set Mus. | 


Ri umirs MULTITESTER _SUCH. A SMALL VOLTAGE THA’ nd | | 
CURRENT SENSORS ARE USUALLY banlenctonen i | 
| WITH) A BOT-IN) AMRIFIER OR dO: | 


He. } 
CIRCUIT. | 


Pot tS. TB Ee Bed a, oe ee 


TYPICAL, RESPONSE OF A 
SILICON HALL SENSOR | 
(wiTHouT AMPLIFICATION) 


2s} 


THIS. CIRCUIT GENERATES AN QuTPUT VOLTAGE ++ 
WHEN A MAGNET _(s. PLACED NEAR THE HALL 
Effect SENSOR, . 
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[BALL NourAGE Guicivocrs) 
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i HALL SENSOR + LOGIC CIRCUIT 


TRIGGER _ 
GuwitcHEs on 


INCREASES) 


INTEGRATED 
DIGITAL HALL 
SENSOR PIN 


DESIGNATIONS: 


1. + suPPLy 
2. GROUND 
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3. OOT PUT, 


INTEGRATED DIGITAL 
HALL SENSORS USUALLY 
INCLUDE AN. OUTPUT 
TRANSISTOR BETWEEN) 


THE SCHMITT TRIGGER. | 


SOME STAY"'on! (LATCBED) 


WHEN MAGNET REMOVED. _ 


Schmit T 


AS VOLTAGE _ 


VourAse Is | 
PROPORTID NAL|_ 
TO THE MAGNETIC 
IFIELD AT THE! | 
HALL SENSOR. 
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GULATOR. 
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HALL SENSOR SPECIFICATIONS — 
HERE ARE KEY SPECIFICATIONS FoR Some OF THE 
-MOsT_ POPULAR HALL SENSORS, { ! 
al SENSORS. CAN AcceeT 
}LDENS ITY. | Do Not eXcEED. 
LMAXIMUM. SUPPLY VOLTAGE, 


(ABS4S' RATIOMETRIC SENSOR 


AS141 UNIPOLAR SWITCH 2H 
| {UGX 3132 BIPOLAR SWwiTe 2H I 
|/A3187 LATCRING SWITcRK 32 
{UGQ S140. POWER SWiTcH 24 

A3422. DIRECTION SENSOR 18 
LATSGL0 GEAR TOOTH SENSOR 16 


MAGNETIC. FLUX 


1/-!posinwwe G) sure 
2 ~\GRoUND 
3.- OuTPLT 


PIN OUTLINE (SHOWN. FROM 
BRANDED (FRONT) SIDE. NoTE _ 
THAT ONLY PART OF SENSOR. 
+ j NUMBER MAY BE MARKED on 
Al iat iz THE IC. SUFFIX MAY. BE 

| |PRESENT (6.9. A3441LU 1S 
A3144 Wind "LONG LEADS"), 


“BASIC GAUSS METER 


LL WAewer +6 | 


TO DIGITAL MULT TESTER 
(SET 1D MEASURE MiLLivocTs) 


USE THE A3S25 RATIOMETRIC. 
HALL SENSOR, WITH NO 


1+ THE SUPPLY VOLTAGE. THE. 
a N POLE OF A MAGNET INCREASES | 


4 


MAGKET THE oureuT Is 1/2) | 


4 
OUTPUT CHANGES 25| THE OuTPUT. THE s fore | tf 
Len 3) il PER. GAUSS, DECREASES THE output. 
++ 2G i +t i 
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HALL LAMP DRIVER: +} 1.13 


MOsT HALL SENSORS CANNOT) DIRECTLY, DRIVE AN, ct 
INCANDESCENT LAMP, RELAY, SMALL MoTDR OR. rt 
OTHER DEVICE THAT. DRAWS | MORE THAN) 40 70) T 

' 


— 25 mA. FOR THESE LOADS! AN, EXTERNAC. DRIVE 
| TRAMSISTDR IS REQUIRED. THE UGQS240) HALL! 


THAT. CAN CON TAUOUSLY, SINK UP To 200 mA. | 


THIS PowER HACC SENSOR WILL BRIEFLY SINK 


bP TO. 900 mA TD ALLOW THE FOR A LAMP TD.| 
WARM UP TD_ ITS RATED OPERATING. CURRENT, 


es 


| 
| 
SENSOR INCLUDES) A BUILT-IN, DRIVE TRANSISTOR | t 
i 
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ti +—+ ‘ee mal 
if i 1 
PIN 1 -suppry 4.5 tp ray) | | 
PIN 2 ~00TPUT 00 inpAiMaxinur) 
PIN) 3.) DloperR | | tay 4 
—PIN.4 = GRoumD rebet ty + 


I mt el a ad 
* THE DIODE PIN cAN AE 


USED FOR AN, OPTIONAL). 9< 
(LAMP. TEST. FUMETION, { 


+4.5 7D 28 ig ta 1+ 


fords st ges] 

LAMP Lt. (RL And ‘ 
S1 ARE OPTIONAL.) 
RADIOSHACK 1, bA Must Not. i 

CATALOG ++ SONSUME MORE THAN | 

LISTS VOLTAGE, B00, MA WHEN WARMED 

$+ ; 

\ 

t 


MAGNET 


AND CuRREMT = 4 +} HP. 
FOR MANY.CAMPS, 1) ot 


“HALL SENSOR OPERATING TIPS 


HALL SENSORS ARE VERY EASY TO USE. THEY 


ARE UNAFFECTED 8Y DIRT AND GREASE THAT, 
CAN DISABLE OPTOELECTRONIC SENSORS, THEY. 


WORK OVER A VERY WIDE TEMPERATURE RANGE 


(TYPICALLY -40%@ TO 485°C). EXTREMELY HIGH 
MAGNETIC FIELD INTENSITIES WILL NOT HARM 
HALL SENSORS, 


HALL SENSORS ARE VERY SENSITIVE TO 
MECHANICAL STRESS AND EXCESS SUPPLY 
VOLTAGE. THEREFORE iTS VERY IMPORTANT. TO 
OBSERVE THE FOLLOWING GU/DELINES WHEN 
INSTALLING ANDO USING HALL SENSORS? 


POWER, SUPPLY— IT's BEST To POWER HALL | 
SENSORS) AT THE LOWEST ALLOWABLE VOLTAGE. 
“NEVER EXCEED THE MAXIMUM ALLOWABLE! 


1G HALL SENSORS— HALL SENSORS ARE 
OFTEN ATTACHED TO A SURFACE WITH ADHESIVE. 
FOR BEST RESULTS, USE A FILLED EPOXY. 
REVER USE CYANOACRYLATE GLUE L THIS GOVE | 
SHRINKS AND CAN EASILY. CAUSE ENOUGH 
MECHANICAL STRAIN TO CHANGE THE HALL 
SENSOR'S OUTPUT. 


=— 
HALL SENSOR > 
 cvAnb RORVLATE? —S 


ORIGINAL PLACEMENT 
OF HALL SEnsoR 


‘Mountih 


CEMENT SHRINKS AND | 
| BENDS HALL SENSOR 


ENCAPSULATING HALL SENSORS>AS WHEN 
CEMENTING HALL SENSORS TO A SURFACE, 
ENCAPSULATING A HALL SENSOR IN POTTING 
COMPOUND, OR EPOXY CAN CAUSE MECHANICAL 
STRESS THAT ALTERS THE SENSOR'S OUTPUT. 
CHANGING THE TEMPERATURE OF EwCAPSULATED 
BALL SENSORS CAN ALSO CAUSE MECHANICAL 
STRESS. THEREFORE IT's |BEST NoT 1D 
pe eo HALL SENSORS. 


nb feted 
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| 
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|} peste aon 


ALL SENSOR=MAGNET SEPARATION 


\DEALLY , THE STRENGTH OF A MAGNETIC FIELD 
IS INVERSELY PROPORTIONAL TO'THE SQUARE OF 
THE DISTANCE FROM THE MAGNET, AT 3 dm. THE 
STRENGTH OF THE FIELD SHOULD g& A@ouT 1 /3* 


LOR 1/4 THE VALUE AT 4 Cm. AS. THIS GRAPH SHOWS, | 


\N THE"REAL WORLD" THIS. RELATIONSHIP. |S NOT 
SO.IDEAL —OR AT LEAST NoT EASILY MEASURED, 
| { 
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re 
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SS. HERE'S WHAT I meAsURED 
S ely WHEN. MOVING. A POWERFUL. 
bk 5.0. RARE-EARTH MAGNETEAWAY 
12 @ FROM. A RATIOMETRIC. 
5 45 \ HALL SENSOR (A3515)/ 
a 4.0 * AVAILABLE AT RADIOSHACK, 
3 HERE THE belt 
245| HALL SENSOR { 
4 \s !SATURATED" ue 
4 3.0L (MAXIMUM, our Pur), om 0~, a 
= 2s 


2 = 410 ik. | 
HALL SENSOR - MAGNET DISTANCE Cm ist | 
{ 


FLUX CONCENTRATORS 


Flux CONCENTRATOR rh (MADE. FROM. LOW-CARBON | 

STEEL GUIDE, OR CONCENTRATE A MAGNETIC FIELD. 
STEEL NAILS CAN BE USED. AS EXPERIMENTAL | 
FLUX CONCENTRATORS. FOR BEST RESULTS, THE 
DIAMETER OF THE CONSTRICTED END OF A FLUX 

CONCENTRATOR. SHOULD APPROXIMATE vial OF THE, 
HALL SENSOR “Spee J 


(7 en et HERE tafe 
EXPERIMENTAL _ SENSOR 
Prey NAIL | Ar !TIP 

Xx 1 
BON CENTRATER | WAIL 


BEST MAGNET ARRANGEMENTS 


IT'S IMPORTANT To PLAN AHEAD. WHEN) DESIGN= 
ING) RALC EFFECT CIReuiTS. IT's USUALLY 
BEST TO MAKE A TEST cIRCUIT BEFORE BUILDING 
YOUR FINAL DESIGN. THIS wilt ACLow You To 
TEST THE CIRCUIT'S RESPONSE TO VARIOUS 
MAGNETS AnD MAGNETIC FIELDS. 


HEAD-ON OPERATION 


MARKED Sipe 
OF HALL SENSOR 


ISH =PUSH, OPERATION 
iad 


MAGNET 


HALL ize 
SENSOR, | 
| 


THIS MODE GIVES 
3 VERY RELIASLE 
SWITCHING, 


MAGNETS ON. i 

“HALL SENSOR MbVA BCE 
| FRAME. OK TD }-| 
I~ MAGNET. GLUE MAGNETS. | 
! TO THE FRAME. 


La] <—MAGuEr INSTALL | 
] 
1 


ne | PUSH-PULL OPERATION 
SLIDE-BY OPERATION | ey, R 
MARKED SIDE (7 


OF HALL sENSOR 


MAGNET — FIXED GAP 
~ 


BALL | 
SENSOR 
“AS Wout pusH-Pusu 
3 MODE, THIS MODE 
‘Lewes? very. | 
_ RELIABLE swiTcHING, 
1 i 31 


APPLICATIONS SHOWN HERE DESCRIBE OPERATION 
WITH U6x3132. THESE INTERFACE ciRcuTS 
ALSO. WORK |WITH A3141,A3187, ETc. 


LED INTERFACE 


+V wait * Ve tue cep Grows |. 
WHEN) SOUTH POLE. 17 
UGX 3132, OF MAGNET IS WEAR 0. 
Nc THE HALL SENSOR, 
inane! LED SWITCHES OFF |. = 
WHEN NORTH POLE r+ 
\ OF MAGNET Is NEAR + 
cM s THE ALL SENSOR, 
MAGNET = Reis cep semies Ro= Ve-Viep? 


RESISTOR. 


nO USE. 220 to. 330 OMMS IN MOST APPLICATIONS. 


TRANSISTOR INTERFACE 
+Vugul FM at is PN SwrreHe 

ING TRANSISTOR 
CAN2222_, MP5 2272, 
Ere.), Load \s. 
LAMP, RELAY, 

@i ere. “Seceer 

Rs TO REEP 

SURRENT THROUGH 
4 RELOW MAXKI~ 
IM ALLOWABLE, 

LOAD. SWITCHES 

OFE WHEN SOUTH 

POLE OF MAGNET 

(S_NEAR BALL SENSOR. 


UGx/ 3132 


th 


Iuep 4 
Nueo...FOR MOST VISIBLE LEDs ($ 27O 2 VOLTS, 
FOR They (LED cuRRENT) OF 10 mA AnD Va oF 
Ge Voers., Rs* (GY-3¥)/0.01.=,300 OHMS. OK : 


=~ 


MAGwet's‘soupa i 
POLE SWITCHES 
Pin 8 OF BAcL | | || 
SENSOR, LOW | 
NORTH POLE SWITCHES || 
PIN. 3 AIGH. | 4 


our JL | 


LANNY a 
MTL Logic |_| 


| | 
= 0k 70, use Wind oTHER HALL SENSORS 
\ i f 
ITAUS CIRCUIT WORKS WITH OLDER TTL AND 
NEWER Low~PowER TTL Logi, THE MALL 


SUPPLY VOLTAGE. SHOULD. MATCH THE TTL. 
SUPPLY VOLTAGE. a 


CMOS LOGIC INTERFACE” 


Vemos 


t 

t 

tt 

im 

Vivaue __MAGNET'S Sik I 

Pole Lenin 

PIN 3. OF 4 

» SENSOR) Lo! fA 
WORTH POLE SWITCHES, 

pier oceGem 


lox 7 .Mhiede Hank sensogs |_| | 
WAL Sense Ano! Hos | 
LOGIC FROM ‘Supp “a Poss\@Le. (F. 
WoT, KEEP HALL Sop. AGE AT OR 


BELOW CMoS. SUPPLY Vv ARE, SBE.SuRE TO | | 
FOLLOW CMOS. Hi “TTt! PRecpoTiONs. 3 | 


BEST To Powss 


i j 
FERROUS METAL INDICATOR 


THIS SIMPLE CIRCUIT INDICATES WHEN A 
FERROUS METAL OBFECT |S wiTHin) 1 em 
OR.SO FROM A HALL SENSOR. 

a . 1 A3s45 
INSTALL _  RATIOMETRIC 
CIRC in HALL SENSOR 
A. PLASTIC - + 


ENCLOSURE. FRonT SiDE 
ATTACH CLAgEL) 
HALL SENSOR: 

7D INSIDE 


SuRFACE. 


BIAS. HALL FeRgous 4 
MAGNET SENSOR a it, 
SAN TIP: 


> 


ADIT 
SEusitTiviTyY 


WITH MAGNET, 
SEVERAL nu 
CAgour 1/4- 
Incit) FROM 4 
HALL” SENSOR, | « L oS 
AprusT Ri 
baTiC LED L 
is. JUST _OFF ‘ 
AND LED 2 
Is ON. LED L 
WILL. GLow 
WHEN FERROUS 
METAL IS 
HEAR HALL SEMSOR. 
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OK fa se 
OTHER OP 
ARS B.3 


JEPOKY | TO RELAY, 
{i JDRIVER) 3) 
‘RELAY CIRCUIT | 

coin pad Sh 4 


{ iLed i= GREEN 
PAT Lep2=Rer 


SOUND_AND CAA) EVENTUALLY | WEAR OUT OR BE 


CONTAMINATED WITH GREASE oR BUST. A HALL 
SENSOR CAN REPLACE A RELAY'S, CONTAGTS...IN 


SOME APPLICATIONS. | 


‘Bonn | RATioNETRIC HALL | 
} 4} 


SENSOR To 
CORE 
WITH | 


Sensor || 


IBRLOUS. 0 


eee 


Reverse RELAY 
CONNECTIONS IF 


FabspARh tae 


AbsusT R41 UNTIL PIN Pea Goes High. 
WHEN RELAY coIL Is ENERSIZED, PIN &. cc 
Go LOW. CHANGES IN RESIDUAL. sulle 
oF THE RELAY'S | STEEL \CORE MAY cei! 
(OCCASIONAL ADJUSTMENTS OF Ra. 7 || 


ALL SENSOR RELAY: On Oa 
NTHE. MovinG contact OFAN ‘Eleerromagwenc. 
RELAY PRODUCES A/ SOMETIMES UNWANTED CLICKING) 


351s } Li} | 
Refs} wat sensat tov p44 


K raise | 


PS) Al 
ete oem 
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wi 4. +—+ + i 
CEVELINDICATOR- 2 
(oaks [eiaeurr is An Edeeteonic Lever. 


LL L4INDICATOR \THAT SENSES WHEN A. ROLLING 
rt Steet {sh 8 tn Rest iat 


4 STEEL. Bat | 


| ras PENDULUM Plasme. 
I Ea _— SESENSOR. TUBE |. iia 
1 oy EEL weLGHT DS. 


@, —— BIAS. MaAGner 
(SQ~sensor N 

PRotoryPe iciReuit USES, A ge! IWsiDe A 
BENT.SODA STRAW. A SMA, BALL BEARIN: 
1% papa GETTER AS! Ips ik SPHERICAL. 


IM TIP: USE| SENSOR 

. CIRCUIT ON EACH | 
SipE OF THIS ONE! i. 
TO. INDICATE WHEN 
NEARLY LEVEL, 


Lf i 
PLACE, SovTH POLE OF MAGNET. 
AgouT 1 Gh COs INCH) BEHIND _| 
MALL SENSOR. ADsusT_R4 t 4 

UNTIL, LED UST STOPS GLOWING. 

THE LED | SHOULD Now Glow | 
WHEN (STEEL BALt APPROACHES | _ 

THE, WAU SENSOR. EXPERIMEAT 

Tag POSITION OF MAGNET FoR.) |. 


MAIS CiRcuIT INDICATES WHEN A MAGNET. IS 
DAT A. PRESET, ADJUSTABLE DISTANCE FROM, 
DIA RATIOMETRIC HALL SENSOR. [Lo tt 
a a 
| 
Lael 


V+ GV. RS 


Bet 
S| HH 
tea,2-Use | ||| 

t 
1 
i 4 


THA OR OTHER. 
OPAMP OR 
COMPARATOR. 


[teat PIN 
pueraee ARE! 
FoR 244. 


PLade, sourH POLE OF | 
MAGNET UP TO 1-2, cha | I 
FROM) SENSOR. ADTUST. 
Ri AND RZ onTIG LEDs) | 
AND LED 2 susT Low. 
WHEN) MAGNET! 15.| 
MOVED TOWARD SEMSOR) | 
Lep2 SWITCHES, OFF. t 
WHEN MAGNET. IS) |) 
MbvED AWAY, Lepd 
Switcnes ore Use|) | 
NORTH Pale oF ener | 


tBEVERSE pees ation, |_| 
HoH tsy-ttt 
T 


Lo STRENGTH BARGRAPH 


LINEAR OR RATIOMETRIC. HALL SENSOR ichw | 

EASURE THE STRENGTH OF A MAGmEémC | | }, 
FIELD. THIS (CIRCUIT) SHOWS, HOW. TD USE |A tt 
STACK OF DIG\TAL HALL SENSORS (THREE OR | | 
MORE). To! DISPLAY MAGWETIC FIELD) STRENGTH | 
ON. A BARGRAPH LED. DISPLAY. | tte 


! DUALS =ouTPUT. HALE SENSORS’ 


“A/PAIR OF Back-TO-BACK HALL SENSORS 

PROVIDES A DUAL- OUTPUT MAGNET SENSOR. 
THIS. METHOD. WORKS WITH 80TH DIGITAC 
HALL. SWITCHES, AND RATIOMETRIC HALE 
SENSORS. RATIOMETRIC HALL SENSORS 
Bre. HIGHER. SENSITIVITY. 


MouNT wo f+ 


eek t 
SENSORS et | | | 
CLOSE, To - ae | 
|, (OME) ANOTHER ! | 
|. CroucHine) 4 i 5 | 
+ ON CIRCUIT & " t + 
BOARD And/oR | I = t | 
BOND TOGETHER 4 i" 4 MAGNET | 
WITH FILLED 3 L “ | t et | 
EPoxy. } t STACKED HALL SENSORS (A3141) 
tov i aii 
MOVING. _ | 
MAGNET oR \§ 
LED LED MAR\ABLE | 
1 4. MAGNETIC | 
a & FIELD rrr 
|| 
Re: SELECT. 1 
To PROVIDE | 
| APPROPRIATE | 
| CURRENT ; | 
THROUGH LED POSITION. 
CTyPICALLY. +--|--+--| 
iso~6a0.Q). PosiTlow. OX to\USE | 
4 a ANY COLOR | 
HALLL,2: i) LeDs. tT useD 
Ag1at, 12 RED, GREEN 
Az515° a 3 Sano” ews. 
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HALL SENSOR DRECTION INDICATOR. ETRA-SENSITIVE MAGNET SWITCH ~ 
Two OR MORE MALL SENSORS ARRANGED SIDE VERY SENSITIVE MAGNET Switch (CAN BE | 
BY-SIDE. CAN INDICATE THE DIRECTIONAL Move hi (DE BY CONNECTING A PAIR OF | BACK~TD- BACK | 


MENT OF A NEARBY MAGNET. ‘ HALL SENSORS TDLAN OP AMP oR. COMPARATOR. a 


MOVING 
ts a 


MAGNET 


om Monon 
rth 


TS MAGH ET +ov 


TIP? HANG 
MAGNET FROM at f Rr 
STRING AND SWING PAST 1) 90 
| MalLd To FLASH LEDs. Lo 


WHMIS GiReprr Wine RESPOND TO A MAGNET || 
AS Cin (ABOUT © INCHES) AWAY, ui TH |NO MAGNET 
OR WHEN SOUTH PoLE OF _ MAGWET 1S NEAR i 
HALL SENSOR.4, LED 2 Guows. WHER NoRTH | || 
POLE OF MAGNET I$ NEAR. HALL SEASOR 1, 
LED 1 Grows. Use. DIFFERENT, COLOR LEDs” | 
FoR LEDs 1 AND 2, EITHER INDIVIDUAL GED OR 
A Bi¢oloR LED. tk If 


Mout RAL SENSORS. BACK-TO~BACK Wid) | 
__ FRONT. SIDE OF HALL SENSOR 41. (SIDE. WITH 


THIS, CIRCA T+ _ NUMBERS) CUOSEST TO WHERE MAGNET Wik) | 
1 OFF OFF DRIVES LEDs, BuT_ Ge. Crees Ly fi et Try 
ia ON OFF ir wide ALSO. bot ORes jam Mi a 
3 on ON DRE ExTERNAL THOUGH THIS cIRCuIT DRIVES LEDs, IT c4N. ALSO | 
= poe Lacie cineuirs. POWER MANY OTHER DEVICES, USE APPROPRIATE 
Ef HO a a 


IMTERFACE GiReviTRY. | ii 5 
bs 


MAGNET MUSIC =~ 1 


THE OUTPUT VOLTAGE FROM A RATIOMETRIC 
(LIN EAR) HALL SENSOR CAN ComTRoOt A i 


| NOLTAGE-TO- FREQUENCY CONVERTER, \THIS | 
PROWOES Al MUSICAL TONE WHOSE FREQUENCY | | 


\S\ CONTROLLED, BY A MAGNETIC FIELD. 


Pedvce R2 + 6V R2-oK To USE 
| To RAISE FREQUENCY. FIXED RESISTOR: 


SENSOR 


1 Boo} i 
@ Lupo 4 RESPONSE TO 
Z typoL saturn Areo SMALL MAGNET. 
L200] CL= 0.047 uF 
7} Lobo} SOUTH POLE R2= 100K 
2 Boo). NORTH POLE. g. 
Yo ubo 
G40} SATURATED 
290 —? 
a OR am a 


eS Sa ee 
Oi tte sched) slg [gh 6 Pdutso | 


FREQUENCY 


LOR STRING 


{rime} | 
N= WORTH S* SOUTH 


pa OS + N 6S 
[MAGNET ——>— s lat | 

Lo shined pe iro MAGNET. MUSIC } 
HALL Sie ia ciRCUIT. Geach isa i ty 


DAMPED OSCILLATING TONE: 


an ee | prorpen, top || 
| top MAGMET —e{T 2} MAGNET, WiLe | 
pee: - BOPNcE SEVERAL 

TIMES. BEFORE 
M4 FLOATING OVER 
BASE MAGNET..|_| 
| 


i woop. OR. 
| PLASTIC. ROD ———> 


| propren top __\_ 


aR 2 a HALL SENSOR. |_| 
i 


To MAGHET || 
Sr Musi circuit || 


PRESSURE= SENSITIVE TONE” H { 


[PRESS AND RELEASE FLOATING. MAGNET, GHOWN 
(ABOVE) OR MOUNT A_MAGWET ON A FLEXIBLE 
pra AS SHOWN HERE: a 


| BASE MaGuet ne 


q PRESS MAGNET 
Screw FLEXIELE | vA Teg dB 
($NUT \Q_STRIP. 4 HAL suka 

| To Quer 


+ 4 i { ® e tae T | t i 4 5 t mt 
~SUPER-SENSITIVE FIELD SENSOR — © SUPER-SENSITIVE FIELD SWITCH — 


AN INEXPENSIVE COMPASS IS A MUCH MORE NS CIRCUIT WiLL ACTIVATE) AN. LED WHEN A. 
SENSITIVE DETECTOR oF MAGNETIC FIELDS THAN, 
A BALL SENSOR. COMBINING A RATIOMETRiC — 
HALL SENSOR WITH A COMPASS PRoviDES A 4 


SUPER~SENSITIVE MAGNETIC FIELD DETECTOR. comPASS MAGNET 


aa a 


ATTACH HALL 
SENSOR TO 


POSITION SENSOR 
SO TIP _OF THE 


SIDE OF NEEDLE PASSES y HALL SENSOR f 
COMPASS CroP Just ovER A3S15 (ATTACH TO COMPASS) / 
OR BoTTOM) OR UNDER 

CLOsesT TO THE RALL Ri. +6V_ ROTATE COMPASS 
NEEDLE, USE SENSOR WHEN 100K 

TAPE To. HOLD THE. COMPASS. Is OVER THE HALL 
SENSOR IN PLACE. \S ROTATED. SENSOR. THEN 


ADJUST Ri 

UNTIL THE LED. 

TUST SwitcHEes _, 
ON, NOW PUT 

A MAGNET NEAR 
THE Come@Ass, 
WHEN NEEDLE 
(S MOVED BY THE 
MAGNET, THE LED 
WILL FLASH On 
AND OFF. 


COMPASS MAGNET 


UNTIL NEEDLE. 
| 
. 


A3sis 
HALL SENSOR 
(ATTACH TD COMPASS) 


To MULTITESTER 
(ser TO volts) 


ABouT THIS CIRCUIT: THE THL IS A Low+cosT 
OPERATIONAL AMPLIFIER (OP AMP) CONNECTED 

AS A COMPARATOR, THE OvTPuT OF A 
COMPARAXOR |S EITHER Low OR HIGH. IN { 
THIS CIRCUIT, THE oOvTPuT SWITCHES FROM 
LOW TO HIGH WHEN THE HALL SEA)SOR 

OLTPUT VOLTAGE 1S AGovT 6.01 VOLT HIGHER, | 
THAN THE VOLTAGE AT PIN2 oF THE 741. 


THIS, ARRANGEMENT Wilt DETECT _ MOVEMENTS 
OF A STRONG MAGNET MORE THAN 1 METER 
CABouT 2 FEET) AWAY FROM COMPASS. THE 
VOLTAGE CHANGE MAY BE ONtY ABouT 1o 
MiLUivouTs (0.010 voLT) OR so. So it's BEST 
To. USE A DIGITAC MULTITESTER. 


USE THIS ARRANGEMENT WITHA votrAce- 
TO- FREQUENCY cIRCUIT +O PROVIDE A TONE 
THAT CHANGES FREQUENCY WHEN THE 
COMPASS NEEDLE Move S PAST THE HALL SENSOR. 
SEE THE "MAGNET Music” PROTECT IN THIS 
Boer FOR DETAUS (PAGE 42). 


MANY DIFFERENT OP AMPS WILL WORK IN, 

THIS CIRCUIT. TusT BE SURE TO cOoNNEcT THE 
PROPER PINS, R2 CAN BE REDUCED 70 4702. | 
THE LED CAN BE_REPLACED BY A Low-VOLTAGE 
PIEZO TONE GENERATOR. 4S 


~ GIANT COMPASS. MAGNETOMETER 


GEOuAGNend STORMS Caused BY soLAR || | 
ACTIVITY CAN) CAUSE MATOR POWER BLACKOUTS _ 
[AND AURORAS.. THEY. ALTER EARTH'S MAGNET! 4 
IPIELD, $O_THAT) COMPASS NEEDCES DEVIATE FROM) | 
MAGNETIC. NoRTA. THE GIANT COMPASS SHOWA 
HERE, SHoULO INDICATE COMPASS DEFLECTIONS |. 

CAUSED, BY GEOMAGNETIC STORMS..A-SMALLER |. 
NERSION THAT INOICATES DEFLECTIONS WITH |, 

REFLECTED LIGHT WAS DescRiged BY Ron) T. Livesey. | 

AN "SRY & i a A 1989, sie ean inal b+ 


THis Compass is Geomagwenc. | | 


(as 


SEN SOR” ‘NORTH COMPASS 


PORATIOMETRIC 


THIS VOLTAGE. IS. 


‘ADJusT BL 
UNTIL. VOLTAGE 
AT PIN OF Ict 
IS SOMEWHERE 
\GETWEEN Lowest 
lawD. RIGHESTT 


VERY SENSITIVE 7D. 
MOUNG) AIR. FOR 
BEsT_ RESULTS SUSPEND 
THE) COMPASS INSIDE 
A LARGE CONTAINER 
OR INSTALL. THE 

ENTIRE ColmPAss 

INSIDE A peers 


wood Dower, 


VALLE. Go OuT- 
DOORS. AWAY FROM. 
POWER LjwES AND 
LARGE ‘METAL 
OSJECTS. ROTATE. 
 CIRCOUT UpsTil. 
PRintED FACE 
OF HALL SENSOR 
Points NORTA. 
S ADTUST_R4 UNTIL 


STORMS Witt CAUSE) 
SLIGHT DEFLECTIONS |_| 
AwAY FROM MAGNEN 
(NORTA. DEFLECTIONS, a 
CAN 86 MEASURED 
USING. A scace | | 
MousTeO AT THE | 
NORTH PoInTER, | | 
(SEE BELOW.) ial 


4 
OR PENCIL Sy s=T Bi pep.1 mist wens 
eof worm! || ON AND Leo z 
{ S218 \DUsT TURNS) OFF, 
AVOID. VIBRATIONS, i TIP: USE A | 1 — ROTATE CIRCUIT 
NEAR. Compass | RADIOSHACK SEARCH Enis BOARD. TOWARD 
i RING. MAGNETS 1m FINO SOLAR, | EAST. oR west 
CONTA NER. (5. 0R Moré) AcTwiTy NEWS| AND LED 1 wie 
ON THE WEB., TURN OFF, AND 
| LED 2 witt 
MAGHETOMETER SCALE. TURN ON. 


DISTANCE BETWEEN INDEX | 


Ginpex MARK PER aan) | 
DIVIDE CIRCUMFERENCE OF | 
KONTAINER. 8Y 360 TD. FIND. + 


TIP: INCREASE 
SENSITIVITY BY 
USING A NAIL 

AS PPL xX 


MARKS. USE LARGER 
Ea w Te LONGER | | 
Popsyreye Fa fugit seco 


, if 


HALL. SENSOR CAN DETECT MAG- 


Sy TiC NORTH, AT MY LOCATION. jn CENTRAL TEXAS. 
PIE ouTPuT FROM A RATIOMETRIC HALL SENSOR 
A FEW. MILLIvouTS HIGHER WHEN THE SENSOR 
POINTS NORTH THAN, WHEN {T POINTS ELSE WHERE. 


ENOUGH TO TRIGGER THIS CIRCUIT. 


FOR ADVANCED. 
EXPERIMENTERS. 3 


Rio RE 


ADSusT R4 
WITH CARE. 


RY. 
Look 


Tel rcz- 
Wan oR 
OTHER OP 
AMP OR, | 
CoM PARATDR 


4 


e' % 
CONCENTRATOR. WATCH FOR VERY SUBTLE CHANGES 


HALL SEnsoR | 
A3S15. 


NS 
UREN SENSO 


ram) Sipe-@Y-SIDE 1 
|| (Et Ano £2), cay 
| T_.DETE cir ROrAT. 
DIREC TION. AnD. 5! 


t+! ‘Ss mea RING. imran 


itt 


Si 0 CeAR SENSOR i 
~halis dehsdo litctupéstal mab 
In BIAS MAGNET. BEHIND: TWO.) | 
MALL SENSORS. THis SENSOR IS | 

| DESIGNED TD. DETECT. see 
TEETH. ON A. fata LT) ALSO, 
ppRKS uy FERROUS 


RESISTOR COLOR CODE 


7 


BLACK & o #t 

BROWN 1 1 * 10 

RED 2 2 *100 

ORANGE 3 3 ¥ 1,000 
YeLLow 4 4 x 10,000 
GREEN 5 5 * 100,000 
BLUE © & * 1,000,000 
vioLeT 7 7 ¥ 10,000,000 
GRAY & 8B ¥ 100,000,000 
WHITE % J = 


FOURTH BAND INDICATES TOLERANCE (AccURACY): 
GOLD=*S5% SiLvVER=*10% NowE=*20% 


OHM'S LAW: vere Rewt 


ItV/R PeVEFIeR 


ABBREVIATIONS 


A= AMPERE R* RESISTANCE 
Fs FARAD V (oR E) = VOLT 
I= CURRENT W= WATT 

P> PoweR SL= OAM 

M (MEG-) = & 1,000,000 

K CKILO-) = * 1,000 

m CMILLI-) = oot 

BB (MICRO-) = , 000 cot 

wn CNANO-) = , 000 000 001 


Pp CPico-) . 000 000 000 oO1 


